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Abstract
The posterior superior alveolar (PSA) nerve block is, from an anatomical perspective,
challenging because the mandibular ramus and the zygomatic process of the maxilla can
interfere with the course of the needle. Dentists empirically know that shifting the patient’s
mandible to the ipsilateral side can improve visibility and accessibility for such blocks. This
cadaveric study aimed to establish anatomical evidence for the ipsilateral mandible shifting
used in the PSA. The distance between the lateral most bulging point of the alveolar part of the
maxilla and ipsilateral anterior border of the ramus of the mandible ranged from 1.4 to 6.9 mm
with a mean of 4.3 ± 1.6 mm. This result supports the empirical technique of shifting the
mandible ipsilaterally for PSA nerve block.
Categories: Pain Management, Miscellaneous, Other
Keywords: maxilla, anatomy, nerve block, superior alveolar nerve, wisdom tooth, mandible,
endodontics
Introduction
The posterior superior alveolar (PSA) nerve block is commonly used to anesthetize the upper
molar teeth except for the mesiobuccal root of the upper first molar [1]. During endodontic
treatment and oral surgery, the PSA nerve block is a common procedure. From an anatomical
perspective, the PSA is challenging because the anterior border of the ramus of the mandible
and the zygomatic process of the maxilla might interfere with the course of the needle. Based
on anecdotal experiences, many dentists have learned to shift the patient’s mandible
ipsilaterally during the PSA nerve blocks in order to improve visibility and easy advancement of
the needle [2]. However, we could not find any anatomical studies indicating how much space is
gained by shifting the mandible ipsilaterally. Therefore, this study aimed to establish such data
via a cadaveric investigation.
Materials And Methods
Thirty sides from 15 fresh-frozen cadaveric Caucasian heads were used in this study. The
specimens were derived from two males and thirteen females and the age at death ranged from
58 to 90 years old (mean age; 80.0 ± 9.3 years old). The maxillary molar status on each side was
recorded as “molar group” (with one or more molars) or “non-molar group” (without molars).
Prior to the measurements, palpation of the temporomandibular joint (TMJ) was performed to
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confirm that it was not dislocated.
First, the horizontal distance between the lateral most bulging point of the alveolar part of the
maxilla to the anterior border of the ramus of the mandible was measured with the mandible
opened maximally (a) (Figure 1) and deviated ipsilaterally (a') (as shown in Figure 2). The
differences between these two numerical values (a'-a) were calculated. Secondly, the horizontal
change of the position of the central incisors along with the mandible deviation (b) was
measured (Figure 2). Next, the mean (a’-a)/ (b) was calculated. A horizontal reference line was
used parallel to the line between the right and left pupils and a vertical line was made to the
horizontal reference line. When the specimen had no central incisors, the anterior nasal spine
and a vertical line began from the anterior nasal spine and were used as the midline. Lastly, the
TMJ was incised to confirm that it was not dislocated.
FIGURE 1: The figure demonstrates the narrow space (arrow)
between the lateral most bulging point of the alveolar part of
the maxilla and ipsilateral anterior border of the ramus of the
mandible (dotted line) with the mouth opened maximally.
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FIGURE 2: Skull model demonstrates the horizontal distance
between the lateral most bulging point of the alveolar part of
the maxilla to the anterior border of the ramus of the mandible
ramus. The mandible is opened maximally (a) and is deviated
ipsilaterally (a’). Note the horizontal change of the position of
the central incisors along with the mandibular deviation (b). A:
Mandible opened maximally, B: Mandible position deviated
ipsilaterally.
Two clinical anatomists (J. I. and S. T.) performed all the measurements. The measurements
were made with a microcaliper (Mitutoyo, Kanagawa, Japan) with a resolution of 0.01 mm and
an accuracy value of ± 0.025 mm. The measurement was performed three times by each
observer (for a total of six times for each measurement) and then averaged. The differences
between the groups were evaluated using a t-test with a p-value < 0.05 which is considered
significant. The present study protocol did not require approval by the ethics committees of our
institutions and the work was performed in accordance with the requirements of the
Declaration of Helsinki (64th World Medical Association (WMA) General Assembly, Fortaleza,
Brazil, October 2013).
Results
On all 30 sides, the distance (a’) was longer than the distance (a). As for the maxillary molar
status, nine sides (30%) were categorized as the molar group and twenty-one sides (70%) were
in the non-molar group. The distances (a) ranged from 8.9 to 15.9 mm with a mean of 12.2 ± 2.1
mm (11.9 ± 2.3 mm on the right side and 12.5 ± 2.0 mm on the left side). The distance (a’)
ranged from 11.7 to 21.6 mm with a mean of 16.5 ± 2.6 mm (16.2 ± 2.8 mm on the right side and
16.8 ± 2.4 mm on the left side). The distance (a’-a) ranged from 1.4 to 6.9 mm with a mean of
4.3 ± 1.6 mm (4.3 ± 1.6 mm on the right side and 4.3 ± 1.7 mm on the left side). The distance (b)
ranged from 4.3 to 13.6 mm with a mean of 8.1 ± 2.0 mm (7.7 ± 1.0 mm on the right side and 8.5
± 2.5 mm on the left side) (Table 1). The measurements (a’-a)/ (b) ranged from 0.17 to 0.82 with
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a mean of 0.54 ± 0.20. The distance (a) in molar group ranged from 9.3 to 15.2 mm with a mean
of 12.4 ± 2.3 mm, and in the non-molar group, ranged from 8.9 to 15.9 mm with a mean of 12.1±
2.1 (Table 2). There was no significant difference between molar group and non-molar
group and the right and the left sides (p >0.05).
No injury to the nearby anterior border of the ramus of the mandible was observed on any of
the cadaveric sides and the TMJ was not dislocated.
 
Total Right Left
Range in mm Mean in mm Range in mm Mean in mm Range in mm Mean in mm
(a) 8.9 - 15.9 12.2 ± 2.1 8.9 - 15.9 11.9 ± 2.3 9.5 - 15.3 12.5 ± 2.0
(a’) 11.7 - 21.6 16.5 ± 2.6 11.7 - 21.6 16.2 ± 2.8 12.6 - 20.6 16.8 ± 2.4
(a’-a) 1.4 - 6.9 4.3 ± 1.6 1.4 - 6.3 4.3 ± 1.6 1.4 - 6.9 4.3 ± 1.7
(b) 4.3 - 13.6 8.1 ± 2.0 5.9 - 10.1 7.7 ± 1.0 4.3 - 13.6 8.5 ± 2.5
TABLE 1: The horizontal distance between the lateral most bulging point of the
alveolar part of the maxilla to the anterior border of the ramus of the mandible were
measured with the mandible opened maximally (a) and deviated ipsilaterally (a’). The
differences between these two numerical values (a’-a) was calculated.
 
Molar (n=9) Non-molar (n=21)
Range in mm Mean in mm Range in mm Mean in mm
(a) 9.3 - 15.2 12.4 ± 2.3 8.9 - 15.9 12.1 ± 2.1
TABLE 2: The maxillary molar status on each side was recorded as “molar group”
(with one or more molars) or “non-molar group” (without molars). The difference of
(a) between molar and non-molar groups was calculated.
Discussion
The PSA nerve block with some supplemental anesthesia is the first anesthetic choice for
endodontic treatment in the patients with irreversible pulpitis in the upper molar teeth [3].
Since the PSA nerve block was described in detail in the year 1968 by Adatia [4], injection
technique [5], anesthetics [6], and related anatomy [2] have been discussed. As this is a blind
procedure, some complications have been reported such as ocular dysfunction and temporary
blindness [7-10]. These complications might result from low visibility and the difficulty of
access to the infiltration site caused by the coronoid process of the mandible and the zygomatic
process of the maxilla. Empirically, the dentists know that shifting the mandible ipsilaterally
improves visibility and accessibility. However, it is not known how much shifting is needed to
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make visibility and accessibility better. In the present study, the distance (a’-a) ranged from 1.4
to 6.9 mm with a mean of 4.3 ± 1.6 mm. To access the correct infiltration site, 4.3 mm could
mean a large difference for the dentists. Also, (a’-a)/ (b) ranged from 0.17 to 0.82 with a mean of
0.54 ± 0.20, which might help to predict how much more visibility and accessibility is gained by
shifting the mandible ipsilaterally.
The difficulty of the visibility and accessibility differ depending on various factors, such as the
lateral angle of the coronoid process, thickness and angle of the ramus of the mandible, width
of the maxillary arch, the position of the zygomatic process of the maxilla, and mobility of the
TMJ. In this study, there was no significant difference in (a’-a) between the molar and non-
molar groups. From a clinical perspective, however, the patients receive the PSA nerve block
mostly for endodontic or other restorative treatments [2].
As for upper wisdom tooth extraction, the dentists have limited space to insert instruments
such as dental elevators and dental extracting forceps correctly. Empirically, they know that
shifting the mandible to the ipsilateral side makes extraction easier. The results of this study
support the method of shifting the mandible and provides quantitative data for the upper
wisdom tooth extraction using the PSA nerve block.
Conclusions
The distance between the lateral most bulging point of the alveolar part of the maxilla and
ipsilateral anterior border of the ramus of the mandible for the PSA nerve block could change
with a range from 1.4 to 6.9 mm and a mean of 4.3 ± 1.6 mm. These results support the
empirical technique of shifting the mandible ipsilaterally for PSA nerve block.
Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Seattle Science
Foundation issued approval. This study used human cadaveric specimens. The present study
protocol did not require approval by the ethics committees of our institutions and the work was
performed in accordance with the requirements of the Declaration of Helsinki (64th World
Medical Association General Assembly, Fortaleza, Brazil, October 2013). Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three
years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.
Acknowledgements
The authors wish to thank all those who donated the cadavers for the advancement of education
and research
References
1. Standring S: Gray's Anatomy E-Book The Anatomical Basis of Clinical Practice . Elsevier
Health, Sciences; 2015.
2. Bassett K, DiMarco A, Naughton D: Local Anesthesia for Dental Professionals Second Edition .
Pearson; 2015.
2017 Iwanaga et al. Cureus 9(10): e1761. DOI 10.7759/cureus.1761 5 of 6
3. Aggarwal V, Singla M, Miglani S, et al.: A prospective, randomized, single-blind comparative
evaluation of anesthetic efficacy of posterior superior alveolar nerve blocks, buccal
infiltrations, and buccal plus palatal infiltrations in patients with irreversible pulpitis. J
Endod. 2011, 37:1491–1494. /10.1016/j.joen.2011.08.018
4. Adatia AK: Posterior superior alveolar nerve block . Dent Pract Dent Rec. 1968, 18:321–322.
5. Sandeep V, Kumar M, Jyostna P, et al.: Evaluation of 2-stage injection technique in children .
Anesth Prog. 2016, 63:3–7. 10.2344/0003-3006-63.1.3
6. Maljaei E, Pourkazemi M, Ghanizadeh M, et al.: The efficacy of buccal infiltration of 4%
articaine and PSA injection of 2% lidocaine on anesthesia of maxillary second molars. Iran
Endod J. 2017, 12:276–281. 10.22037/iej.v12i3.16464
7. Chisci G, Chisci C, Chisci V, et al.: Ocular complications after posterior superior alveolar nerve
block: a case of trochlear nerve palsy. Int J Oral Maxillofac Surg. 2013, 42:1562–1565.
10.1016/j.ijom.2013.05.010
8. Ghosh A, Vaibhav N, Raut R, et al.: Ophthalmic complication following posterior superior
alveolar nerve block for tooth extraction! A rare occurrence. J Maxillofac Oral Surg. 2015,
14:862–865. 10.1007/s12663-015-0756-7
9. McNicholas S, Torabinejad M: Esotropia following posterior superior alveolar nerve block . J
Calif Dent Assoc. 1992, 20:33–34.
10. Prakasm M, Managutti A, Dolas RS, et al.: Temporary pupillary dilatation and ptosis:
complications of PSA nerve block: a case report and review of literature. J Maxillofac Oral
Surg. 2009, 8:181–183. 10.1007/s12663-009-0044-5
2017 Iwanaga et al. Cureus 9(10): e1761. DOI 10.7759/cureus.1761 6 of 6
